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COMPOSITION FOR PROVIDING 
AN ABRASION RESISTANT COATING ON A SUBSTRATE HAVING IMPROVED 
ADHESION AND IMPROVED RESISTANCE TO CRACK FORMATION 

5 



1° 
15 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to coating compositions, and more particularly but not by way 
of limitation, to coating compositions which, when cured, provide substantially transparent abrasion 
2 0 resistant coatings having improved adhesion and increased stability to crack formation. 

The present invention also relates to liquid coating compositions having improved stability 
wherein the liquid coating compositions are derived from aqueous-organic solvent mixtures 
containing effective amounts of epoxy functional silanes, disilanes and carboxylic acid components: 

2. Description of Prior Art 

25 The prior art is replete with compositions which, when applied to substrates and cured, 

provide transparent, abrasion resistant coatings for the substrates. Such coatings are especially 
useful for polymeric substrates where it is highly desirable to provide substrates with abrasion 
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resistant surfaces. However, adhesion problems and (nek formation can result from environmental 

^^^^^^ 

stability to crack fbnnatiorL It is to such compositions and processes by which such compositions 
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combinations thereof, equivalent to from about 0.1 to about 75 weight percent solids, based on the 
total solids of the compositioa 

It is an object of the present invention to provide coating compositions having improved 
stability which form transparent coatings upon curing. It is a further object of the present invention 
5 to provide stable coating compositions, which form transparent coatings upon curing having abrasion 
resistance, improved adhesion, and improved resistance to crack formation. 

Other objects, advantages and features of the present invention will become apparent upon 
reading the following detailed description in conjunction with the appended claims. 

1 0 DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to coating compositions having improved stability which, when 
applied to a variety of substrates and cured, form substantially transparent abrasion resistant 
coatings, which provide improved adhesion and improved resistance to crack formation. For testing 
coated samples, coating compositions were applied to poly (diethylene glycol-bis-allyl carbonate) 

15 lenses, hereinafter referred to as ADC lenses and cured at a temperature of 1 10° C for a period of 
3 hours. Semi-quantitative assessments of the extent of cracking and adhesion were made using the 
following tests. . 

For testing adhesion of the coated articles the procedures of ASTM D-3359, i.e. the tape test, 
were followed 

20 A typical test for measuring the adhesion and resistance to cracking of a coating composition 

cured on a substrate consists of immersion of the coated article in boiling aqueous tint for a period 
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The measured abrasion resistance of a cured coating on a substrate, whether measured by the 
Modified Bayer Test, Taber Test, Steel Wool Test, Eraser Test, Tumble Test, etc. is a function, in 
part, of the cure temperature and cure time. In general, higher temperatures and longer cure times 
result in higher measured abrasion resistance. Normally, the cure temperature and cure time are 
5 selected for compatibility with the substrate; although, sometimes less than optimum cure 
temperatures and cure times are used due to process and/or equipment limitations. It will be 
recognized by those skilled in the art that other variables, such as coating thickness and the nature 
of die substrate, will also have an effect on the measured abrasion resistance. In general, for each 
type of substrate and for each coating composition there will be an optimum coating thickness. The 

10 optimum cure temperature, cure time, coating thickness, and the like, can be readily determined 
empirically by those skilled in the art 

In the test method employed to determine the abrasion resistance of the coating compositions 
of the present invention, a commercially available alundum (grain code 1524, 12 grit, alundum ZF) 
sold by Norton Advanced Ceramics of Canada Inc., 8001 Daly Street, Niagra Falls, Ontario, was 

15 used as the abrasive material. In this test, 540 grams alundum was loaded into a 9 5/16" x 6 3/4" 
cradle fitted with four lenses. Each set of four lenses, herein referred to as ADC lenses, and two 
coated lenses, were subjected to . a 4 inch stroke (the direction of the stroke coinciding with the 
9 5/16" length of the cradle) at an oscillation frequency of 300 strokes per minute for a total of 
4 minutes. The lens cradle was repositioned by turning 180 degrees after the initial 2 minutes of 

2 0 oscillations. Repositioning of the cradle was used to reduce the impact of any inconsistencies in the 
oscillating mechanism. The ADC reference lenses used were Silor 70 mm piano FSV lenses, 
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procedure is slightly modified from that which is described by the AR Council of America by 

increasing the weight of the alundum to accommodate ft* i * ^ 

accommodate the increased surface area of the larger cradle 

The cradle described above holds 4 lenses. 
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It should be understood that: (a) the descriptions herein of coating systems which contain 
epoxy functional silanes, disilanes, siiane additives which do not contain an epoxy functional group, 
and the carboxylic acid component, refer to the incipient silanes and carboxylic acid components 
from which the coating system is formed, (b) when the epoxy functional silanes, disilanes, and siiane 
5 additives which do not contain an epoxy functional group, are combined with the aqueous-organic 
solvent mixture under the appropriate conditions, a hydrolysis reaction occurs resulting in partially 
or fully hydrolyzed species, (c) the resultant fully or partially hydrolyzed species can combine to 
form mixtures of multifunctional oligomeric siloxane species, (d) these oligomeric siloxane species 
may or may not contain pendant hydroxy and pendant alkoxy moieties and will be comprised of a 

10 silicon-oxygen matrix which contains both silicon-oxygen siloxane linkages and silicon-oxygen 
carboxylic acid component linkages, (e) the resultant mixtures are dynamic oligomeric suspensions 
that undergo structural changes which are dependent upon a multitude of factors including; 
temperature, pH, water content, catalyst concentration, and the like. 

The coating compositions of the present invention, which desirably contains from about 1 to 

15 about 40 weight percent solids, more desirably from about 5 to about 25 weight percent solids, 
comprise an aqueous-organic solvent mixture containing from about 1 0 to about 99.9 weight percent, 
based on the total solids of die composition, of a mixture of hydrolysis products and partial 
condensates of an epoxy functional siiane and a disilane and from about 0.01 to about 80 weight 
percent, based on the total weight of the composition, of a compound selected from the group 

20 consisting of carboxylic acids, multifunctional carboxylic acids, anhydrides, and combinations 
thereof. The amount of epoxy functional siiane and the amount of disilane employed can vary 
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increased by the use of a condensation catalyst In general, a condensation catalyst will increase the 
abrasion resistance of coating compositions prepared at both low and high concentrations of water; 
however, the increase in abrasion resistance is greatest for those coating compositions prepared at 
low concentrations of water. The effective amount of water and the effective amount and type of 
condensation catalyst can be determined empirically. 

The solvent constituent of the aqueous-organic solvent mixture of the coating compositions 
of the present invention can be any solvent or combination of solvents which is compatible with the 
epoxy functional silane, the disilane, and the carboxylic acid component For example, the solvent 
constituent of the aqueous-organic solvent mixture may be an alcohol, an ether, a glycol or a glycol 
ether, a ketone, an ester, a glycolether acetate and mixtures thereof. Suitable alcohols can be 
represented by the formula ROH where R is an alkyl group containing from 1 to about 10 carbon 
atoms. Some examples of alcohols useful in the application of this invention are methanol, ethanol, 
propanol, isopropanol, butanol, isobutanol, secondary butanol, tertiary butanol, cyclohexanol, 
pentanol, octanol, decanol, and mixtures thereof. 

Suitable glycols, ethers, glycol ethers can be represented by the formula RXOR^-OR 1 
where x is 0, 1, 2, 3 or 4, R 1 is hydrogen or an alkyl group containing from I to about 10 carbon 
atoms and R 2 is an alkylene group containing from 1 to about 10 carbon atoms and combinations 
thereof. 

Examples of glycols, ethers and glycol ethers having the above-defined formula and which 
may be used as the solvent constituent of the aqueous-organic solvent mixture of the coating 
compositions of the present invention are di-n-butylether, ethylene glycol dimethyl ether, propylene 
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alkyl group, a functionalized alkyl group, an alkylene group, an aryl group, an alkyl ether, and 
combinations thereof containing from 1 to about 10 carbon atoms and having at least 1 epoxy 
functional group, and R 4 is H, an alkyl group containing from 1 to about 5 carbon atoms, an acetyl 
group, a -SKOR^R 6 , group where y is an integer of 0, 1, 2, or 3, and combinations thereof where 
R s is H, an alkyl group containing from 1 to about 5 carbon atoms, an acetyl group, or another - 
S^OR^R 6 , group and combinations thereof, and R« is H, an alkyl group, a functionalized alkyl 
group, an alkylene group, an aryl group, an alkyl ether, and combinations thereof containing from 
1 to about 1 0 carbon atoms which may also contain an epoxy functional group. 

Examples of such epoxy functional silanes are glycidoxy-methyltrimethoxysilane, 
3-glycidoxypropyltrihydroxysilane, 3-glycidoxypropyldimethylhydroxysilane, 
3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane, 3-glycidoxypropyl- 
dimethoxymethylsilane, 3-glycidoxypropyldimethylmethoxysilane, 
3-glycidoxypropyltributoxysilane, l,3-bis(glycidoxypropyl)tetra-methyldisiloxane, 
l,3-bis(glycidoxypropyl)tetramethoxydisiloxane, l,3.bis(glycidoxypropyl)-l,3-dimethyl- 
1,3-dimethoxydisiloxane, 2,3-epoxypropyltrimethoxysilane, 3,4-epoxybutyltrimethoxysilane, 
6,7-epoxyheptyltrimetboxysilane, 9, 1 O-epoxydecyltrimethoxysilane, 
1 ,3-bis(2,3-epoxypropyl)tetramethoxydisiloxane, l,3,bis(6,7-epoxy-heptyl)tetramethoxydisiloxane, 
2-(3,4-epoxycyclohexyl) ethylttimethoxysilane, and the like. 

The disilane additives useful in the coating compositions of the present invention have the 
formula (R 7 O) x RV x Si-RVSiR ,0 ^(OR' where x is 0. 1 , 2 or 3 and y is 0 or 1 ; R 8 and R'° are H, CI, 
Br, an alkyl group containing from about 1 to 10 carbon atoms, a functionalized alkyl group, an 
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alkylene group, an aryl group, an alkylpoly ether group and combinations thereof; R 7 and R u are H, 
an alkyl group containing from about 1 to 10 carbon atoms, an acetyl group, and combinations 
thereof. If y is I then R 9 can be an alkylene group containing from about 1 to 12 carbon atoms, an 
alkylenepolyether containing from about 1 to 12 carbon atoms, an aryl group, an alkylene substituted 
aryl group, an alkylene group which may contain one or more olefins, or an oxygen or sulfur. If x=0, 
then R 8 and R 10 are CI or Br; and if y = 0, there is a direct silicon-silicon bond. 

Examples of disilanes satisfying the above defined formula include bis(triethoxysilyl)ethane, 
bis(triethoxysiIyl)methane, bis(trichlorosilyl)propane, bis(triethoxysilyl)ethylene, 1,3 
bistriethoxysilylethane, hexaethoxydisiloxane, hexaethoxydisilane. 

The coating compositions of the present invention may contain any carboxylic acid 
compatible with the epoxy functional silane and the disilane of the coating compositions and which 
is capable of interacting with the hydrolysis products and partial condensates of the epoxy functional 
silane and the disilane to provide stability to the coating composition which, upon curing, produces 
a substantially transparent, abrasion resistant coating having improved adhesion and improved crack 
resistance. 

The carboxylic acid functional compound as used herein is understood to include mono- and 
multi-functional carboxylic acids as well as anhydrides which produce mono- and multifunctional 
carboxylic acids. The carboxylic acid functional compound is represented by the fonhuia 
R u (COOR 13 ) x ; where x is an integer of 1, 2, 3, or 4, and where H 2 is H, an alkyl group, a 
functionalized alkyl group, an alkylene group, an aryl group, a functionalized aryl group, an alkyl 
ether, and combinations thereof containing from 1 to about 10 carbon atoms, and where R 13 is H, a 
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formyl group, a carbonyi group, or an acyl group, where the acyl group can be functionalized with 
an alkyl group, a functinalized alkyl group, an alkylene group, an aryl group, a functionalized aryl 
group, an alkyl ether, and combinations thereof containing from 1 to about 10 carbon atoms. 
Examples of carboxylic acids which can be employed in the preparation of the coating compositions 
of the present invention include acetic acid, acrylic acid, methacrylic acid, formic acid, propionic 
acid, butanoic acid, malic add, aconitic arid (cis,trans), itaconic acid, succinic acid, malonic acid, 
glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic arid, sebaric acid, cyclohexyl succinic 
acid, 1,3,5 benzene tricarboxylic acid, 1,2,4,5 benzene tetracarboxylic acid, 
1,4-cyclohexanedicarboxylicacid, 1,3-cyclohexanedicarboxylicadd, 1,1-cycIohexanediaceticacid, 
1,3-cyclohexanedicarboxyIic arid, 1,1-cyclohexanediacetic acid, 1,3-cycloheanediacetic acid, 
1,3,5-cyclohexanetricarboxylic acid and unsaturated dibasic acids such as fumaric acid and maleic 
arid and combinations thereof. 

Examples of anhydrides which can be employed to produce the carboxylic arid component 
of the coating compositions of the present invention include the anhydrides of the above mentioned 
carboxylic acids such as acetic anhydride, propionic anhydride, acrylic anhydride, methacrylic 
anhydride and the cyclic anhydrides of the above mentioned dibasic acids such as succinic 
anhydride, itaconic anhydride, glutaric anhydride, trimeilitic anhydride, pyromellitic anhydride, 
phthalic anhydride and maleic anhydride and combinations thereof 

Optionally, in addition to the carboxylic acid component of the coating composition, a 
mineral acid such as, for example, hydrochloric acid or nitric acid, can be used as a co-hydrolysis 
catalyst for the hydrolysis of the silane compounds described herein. 
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of hydrolysis products and partial condensates of one or more silane additives (Le, tetrafunctional 
silanes, trifunctional silanes, difunctional silanes, monofunctional silanes, and mixtures thereof). 
The silane additives which can be incorporated into the coating compositions of the present 
invention can be represented by the formula R'^OR' V where x is a 0, 1, 2 or 3; R 13 is H, or an 
alkyl group containing from I to about 10 carbon atoms, a functionalized alky 1 group, an alkylene 
group, an aryl group an alkyl ether group and combinations thereof; R 14 is H, an alkyl group 
containing from 1 to about 10 carbon atoms, an acetyl group, a -Si(OR M )3group and combinations 
thereof. 

Examples of silane additives represented by the above-defined formula are 
methyltrimethoxysikne, ethyltrimethoxysilane, propyltrimethoxysilane, butyltrimethoxysilane, 
isobutyltrimethoxysilane, hexyltrimethoxysilane, ocryltrimethoxy-silane, decyltrimethoxysilane, 
cyclohexyltrimethoxy silane, cyclo-hexylmethy Itrimethoxy.siiane, 
3-methacryloxypropyitrimethoxysilane, vinyltrimethoxysiiane, allyltrimethoxysilane, 
dimethyldimethoxysilane, 2-(3^cyclohexenyl)ethyltr,imethoxysilane, 3-cyanopropyl- 
trimethoxysilane, 3-chioropropyltrimethoxysilane, 2-chloroethyltrimethoxysilane, 
phenemyltrimethoxysilane, 3-mercaptopropyl-trimethoxysilane, 3-aminopropyltrimethoxysilane, 
phenyltrimethoxysilane, 3-isocyanopropyltrimethoxysilane, N-(2-aminoethyl)- 
3-aminopropyltrimethoxysiiane, 4-(2-aminoethylaminomemyl)phenethyltrimethoxysilane, 
chloromethyltriethoxysilane, 2-chloro-ethyltriethoxysilane, 3-chloropropyltriethoxysilane, phenyl- 
triethoxysilane, ethyltriethoxysilane, propyltriethoxysilane, butyltriethoxysilane, 
isobutyltriemoxysilane,hexyltriethoxy-silane, octyltriethoxysilane, decyltriethoxysilane, cyclohexyl- 
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incorporated into a coating composition in accordance with the present invention, the abrasi n 
resistance is greatly enhanced while maintaining the beneficial properties of adhesion and resistance 
to crack formation. 

In certain applications, it is useful to add colloidal silica to the coating composition. 
Colloidal silica is commercially available under a number of different tradename designations, 
including Nalcoag® (Nalco Chemical Co., Naperville, IL); Nyacol® (Nyacol Products, Inc., 
Ashland, MA);.Snowtex® (Nissan Chemical Industries, LTD., Tokyo, Japan); Ludox® (DuPont 
Company, Wilmington, Delaware); and ffighiink OG® (Hoechst Celanese, Charlotte, NC). The 
colloidal silica is an aqueous or organic solvent dispersion of particulate silica and the various 
products differ principally by particle size, silica concentration, pH, presence of stabilizing ions, 
solvent makeup, and the like. It should be noted that substantially different product properties can 
be obtained through the selection of different colloidal silicas. 

Colloidal silica, when added to a coating composition, is considered a reactive material. The 
surface of the silica is covered with silicon bound hydroxyls, some of which are deprotonated, which 
can interact with materials in the coating composition of the present invention. The extent of these 
interactions is dictated by a variety of factors, including solvent system, pH, concentration, and ionic 
strength. The manufacturing process further affects these interactions. Thus colloidal silica can be 
added into a coating formulation in different ways with different results. 

It has been observed that the addition of colloidal silica to the coating compositions of the 
present invention can further enhance the abrasion resistance of the cured coating compositions and 
can further contribute to the overall stability of the coating compositions. The most significant 
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T». amonn, f coiioida, si,ic ^ ta, me ^ ^ of ^ 

c^osita rtte^^ p,^ 4efetall ^ 4e ^ rf m=ai . ^ 
i»«po„*d in* 4. ^ „ 4e ^ ^ can „ ^ Md wm 

1_* d^a » fc ^ pllJ5iea , ^ ^ ^ rf fc ^ ^ ^ ^ 

4. coring «»p« ini0 s, „ Ml , „ ^ desired ^ rf fe ^ 
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When colloidal silica and/or metal oxides are incorporated into the coating compositions of 
the present invention, it is desirable to add from about 0. 1 to about 75 weight percent, based on the 
total weight of solids, of the colloidal silica and/or metal oxides. The colloidal silica and/or metal 
oxides will generally have a particle size in the range of 2 to 1 50 millimicrons in diameter, and more 
desirably, a particle size jn the range of from about 2 to 50 millimicrons. 

Although a condensation catalyst is not an essential ingredient of the coating compositions 
of the present invention, the addition of a condensation catalyst can affect adhesion, resistance to 
cracking, abrasion resistance and other properties of the coating including stability^ tinting capacity, 
porosity, cosmetics, caustic resistance, water resistance and the like. When employing a 
condensation catalyst, the amount of catalyst used can vary widely, but will generally be present in 
an amount from about 0.05 to about 20 weight percent, based on the total solids of the composition. 

Examples of catalysts which can be incorporated into the coating compositions of die present 
invention are (i) metal acetylacetonates, (ii) diamides, (iii) imidazoles, (iv) amines and ammonium 
salts, (v) organic sulfonic acids and their amine salts, (vi) alkali metal salts of car boxy lie acids, (vii) 
alkali metal hydroxides, (viii) fluoride salts, and (be) organostannanes. Thus, examples of such 
catalysts include for group (i) such compounds as aluminum, zinc, iron and cobalt acetylacetonates; 
group (ii) dicyandiamide; for group (iii) such compounds as 2-methylimidazole, 2-ethyl- 
4-methyIimidazole and l-cyanoethyl-2-propylimidazoie; for group (iv), such compounds as 
benzyldimethylamine, and 1,2-diaminocyclohexane; for group (v), such compounds as 
trifluoromethanesulfonic acid; for group (vi), such compounds as sodium acetate, for group (vii), 
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such compounds as sodium hydroxide and potassium hydroxide, for group (viii), tetra n-butyl 
ammonium fluoride, and for group (ix), dibutyltin diiaurate, and the like. 

An effective amount of a leveling or flow control agent can be incorporated into the 
composition to more evenly spread or level the composition on the surface of the substrate and to 
provide substantially uniform contact ^tta«-«^ Tta MflClhB ^ wl|wc ^ 
agent can vary widely, but generally is an amount suffident to provide me coatmg^^ 
from about 10 to about 50,000 ppm of the leveling or flow control agent Any conventional, 
commercMy available leveling or flow control agent which is compatible with the coating 
composition and the substrate and which is capable of leveling the coating composition on a 
subs.rate .and which enhances wetting between the coating composition and the substrate can be 
employed. The use of leveling and flow control agents is well known in the art and has been 
described in the -Handbook of Coating Additives" (ed. Leonard j. Calbo, pub. Marcel Dekker),. 
pg. 119-145. 

Examples of such leveling or flow control agents wMch can be mcorporated into the coating 
compositions of the present invention include organic polyethers such as TRITON X-100, X-405, 
N-57 from Rohm and Haas, silicones such as Paint Additive 3, Paint Additive 29, Paint Additive 57 
from Dow Coming, SILWET L-77. .. and SILWET L-7600 from . OSi Specialties, and 
fluorosurfacaants such as FLUORAD FC171, FLUORAD FC-430 and FLUORAD FC-431 from 
3M Corporatioa 

In addition, other additives can be added to the coating compositions of the present invention 
in order to enhance the usefulness of the coating compositions or the coatings produced by curing 
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the coating compositions. For example, ultraviolet absorbers, antioxidants; and the like can be 
incorporated into the coati^. compositions of the, present invention, ifdesired ,i ^„ : ^ 

The coating compositions of the present invention can be prepared by a variety of processes 
tp prqyide stable. coating compositions, jwhich, upon, curing; produce substantially transparent 
abi^ion. rwisto baying improved adhesion and resistances to > crack formation. For 

©ample, the epoxy functional silane, the disilane and tricarboxylic acid component can be added 
tq;the §ip^ solution and stirred for a period of time effective to produce a coating 

composition haying improved stability. When cured, such abrasion resistant coating compositions 
Iwye improved stability to crack formation when ^ploying the test methods 

hereinbefore described. However, by incorporating ^condensation catalyst into the aqueous-organic 
solvent^ mixtures containing the epoxy functional silane; the disilane and the carboxylic acid 
components, the Bayer numbers of the cured coatings produced from ; such ? coating compositions 
genially increase indicating a more abrasion resistant coating. 

The preferred method for preparing the coating compositions of the present invention 
consists of the initial hydrolysis of the epoxy functional silane by addition of the silane to deionized 
water. This is followed by an addition of a solution of the.carboxylic acid component in the solvent 
constituent The disilane is then added to the above mixture and stirred for a sufficient period of 
time, to allow hydrolysis of the disilane. When a silane additive is used in combination with the 
disilane, compound and the eppxy functional silane, the order of addition will be dependent on the 
nature of the silane additive. The mode of addition o£the silane additive with respect to the disilane 
and/or the epoxy functional silane, e.g., as a mix or by sequential addition, may be usedito influence 
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the final properties of the coating composition and the cured product therefrom. When desired a 
colloidal metal oxide and/or a condensation catalyst and/or a surfactant for leveling and flow 
improvement may be added to the final coating composition. 

The coating compositions of the present invention can be applied to solid substrates by 
conventional methods, such as flow coating, spray coating, curtain coating, dip coating, spin coating, 
roll coating, etc. to form a continuous surface film. Any substrate compatible with the compositions 
can be coated with the compositions, such as plastic materials, wood, paper, metal, printed surfaces, 
leather, glass, ceramics, glass ceramics, mineral based materials and textiles. The compositions are 
especially useful as coatings for synthetic organic polymeric substrates in sheet or film form, such 
as acrylic polymers, poly(ethyleneterephthalate), polycarbonates, polyamides, polyimides, 
copolymers of acrylonitrile-styrene, styrene-acrylonhrile-butadiene copolymers, polyvinyl chloride, 
butyrates, polyethylene and the like. Transparent polymeric materials coated with these 
compositions are useful as flat or curved enclosures, such as windows, liquid crystal display screens, 
skylights and windshields, especially for transportation equipment Plastic lenses, such as acrylic 
or polycarbonate ophthalmic lenses, can also be coated with the compositions of the invention. 

By choice of proper formulation, application conditions and pretreatoent (including the use 
of primers) of the substrate, the coating compositions of the present invention can be adhered to 
substantially all solid surfaces. Abrasion resistant coatings having improved adhesion and resistance 
to cracking can be obtained from coating compositions of the present invention by heat curing at 
temperatures in the range of from about 50" C to about 200" C for a period of from about 5 minutes 
to about 18 hours. The coating thickness can be varied by means of the particular application 
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technique, but coatings having a thickness of from about 0.5 to about 20 microns, and more desirably 
from about 1 to about 1 0 microns, are generally utilized. 

In order to further illustrate the present invention, the following examples are given. 
However, it is to be understood that the examples are for illustrative purposes only and are not to be 
construed as limiting the scope of the subject invention. 

EXAMPLES 
Procedures 
Procedure A: 

Etched poly(diethylene giycol-bis-allyl carbonate) lenses and plaques (referred to as ADC 
lenses or ADC plaques) were used for coating and testing. The ADC lenses and plaques were etched 
by contact with a 1 0 % potassium hydroxide solution of 1 : 1 by weight propylene glycol methyl ether 
and water for a period of about 1 0 minutes. The lenses aiid/or plaques were coated by dip coating 
using a specified withdrawal rate in units of inches per minute (ipm). The coated lenses and/or 
plaques were cured at a temperature of 1 10° C for 3 hours. The cured coated lenses and/or plaques 
were subjected to the aforementioned test procedures to determine adhesion, resistance to cracking 
and abrasion resistance. 
Example 1A: 

1 1 0.0 grams of 3-glycidoxypropyltrimethoxysilane (GPTMS) were added dropwise to 281 .5 
grams of deionized water while stirring. The aqueous GPTMS mixture was stirred for approximately 
1.5 hours. A solution containing 281.5 grams of isopropyl alcohol (IP A) and 15.2 grams of acetic 
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acid (AcOH) was added rapidly to the aqueous GPIMS mixture. After stirring for 2 hours, 41 1.8 
gnunsofbis^^^ 

mixture was stirred overnight to produce a coating composition, which possessed a pH value of 
approximately 4.2. The coating composition was applied to the etched ADC lenses according to 
procedure A, at a withdrawal rate of 6 ipm, to provide a cured coating having a thickness of about 

1.9 microns and a Bayer number of 2 4 Th^ Hnte ct, rt «^« « • , 

y um Der or ine data showing adhesion and resistance to cracking is 

summarized in Table 1. 
Example IB: 

0.12 grams of benzyldimethylamine (BDMA) were added to 380 grams of the coating 
«-P°s*o- After stirring for about 

3 hours, the coating composition was applied to the etched ADC lenses according to procedure A, 
at a withdraw rate of 6 ipm, to provide a cured coating having a thickness of about 2.3 microns and 
a Bayer number of 3.2. He data showing adhesion and resist to cracking is smnmarized in 
Table 1. 

Example 1 f> 

0.8 grams of IN NaOH were added to 380 grams of the coating composition in Example 1A 
to yield a composition with a P H value of 5A. After stirring, for about 3 houn, the coating 
composition was applied to the etched ADC lenses according to procedure A, at a withdraw rate of 
6 ipm, to provide a cured coating having a thickness of about 23 microns and a Bayer number of 
4.0. The data showing adhesion and resistance to cracking is summarized in Table 1. 



24 



WO 00/24831 



PCT/US99/24615 



Example 2A: 

43.5 grams of GPTMS were added dropwise to 95.7 grams deionized water while stirring. 
The aqueous mixture was stirred for approximately 1.25 hours. A solution containing 95.7 grams 
of IP A and 6.0 grams of AcOH was added rapidly to the aqueous GPTMS mixture. After stirring 
for 1.5 hours, a stirred mixture of 107.4 grams of BSE and 31.6 grams of tetraethyl orthosilicate 
(TEOS) was added dropwise to the stirring mixture. Hie resulting mixture was stirred overnight to 
produce a coating composition. 0.18 grams of FC-430 (3M) were added to the coating composition 
to aid with flow and leveling. The resulting coating composition was stirred for an additional hour. 
The final pH value of the composition was approximately 4.2. The coating composition was applied 
to the etched ADC lenses according to procedure A, at a withdrawal rate of 2 ipm, to provide a cured 
coating having a thickness of about 2.2 microns and a Bayer number of 3.3. The data showing 
adhesion and resistance to cracking is summarized in Table 1. 
Example 2B: 

0.1 grams of BDMA were added to 180 grams of the coating composition in Example 2A 
to yield a composition with a pH value of 5.1. After stirring for about 3 hours, the coating 
composition was applied to the etched ADC lenses according to procedure A, at a withdraw rate of 
2 ipm, to provide a cured coating having a thickness of about 2.4 microns and a Bayer number of 
3.7. The data showing adhesion and resistance to cracking is summarized in Table 1. 
Example 2C: 

52,6 grams of GPTMS -were added dropwise to 71 .0 grams deionized water while stirring. 
The aqueous mixture was stirred for approximately 4 hours. A solution containing 100.8 grams of 
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IPA and 7.3 grams of AcOH was added rapidly to the aqueous GPTMS mixture. After stirring for 
1.5 hours, a stirred mixture of 46.9 grams of BSE and 73.6 grams of 1EOS was added dropwise to 
the stirring mixture. After stirring overnight 27.8 grams of Nalco 1115 colloidal silica were added 
to the above mixture by rapid pouring. The resulting mixture was stirred overnight to produce a 
coating composition 0.38 grams of FC-430 (3M) were added to the coating composition to aid with 
flow and leveling. The resulting coating composition was stirred for an additional hour. The coating 
composition was applied to the etched ADC lenses according to procedure A, at a withdrawal rate 
of 2 ipm, to provide a cured coating having a thickness of about 3.6 microns and a Bayer number 
of 6.6. 

Example 3 A 

107.9 grains of GPTMS were added dropwise to 286.0 grams of deionized water while 
stirring. The aqueous mixture was stirred for approximately 1.5 hours. A solution containing 286.0 
grams of IPA and 16.2 grams of itaconic acid (ITA) was added rapidly to the aqueous GPTMS 
mixture. After stirring for 2 hours, 404.0 grams of BSE were added dropwise to the stirring mixture. 
The resulting mixture was stirred overnight to produce a coating composition, which possessed a pH 
value of approximately 3.9. The coating composition was applied to the etched ADC lenses 
according to procedure A, at a withdraw rate.of 6 ipm, to provide a cured coating having a thickness 
of about 2.5 microns and a Bayer number of 2.5. The data showing adhesion and resistance to 
cracking is summarized in Table 1. 
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Example 3B: 

0.9 grams of BDMA were added to 380 grams of the coating composition in Example 3A 
to yield a composition with a pH value of 5.1. After stirring for about 3 hours, the coating 
composition was applied to the etched ADC lenses according to procedure A, at a withdraw rate of 
6 ipm, to provide a cured coating having a thickness of about 2.3 microns and a Bayer number of 
5.1. The data showing adhesion and resistance to cracking is summarized in Table 1. 
Example 3C: 

2.4 grams of IN NaOH were added to 380 grams of the coating composition in Example 3A 
to yield a composition with a pH value of 5.1. After stirring for about 3 hours, the coating 
composition was applied to the etched ADC lenses according to procedure A, at a withdraw rate of 
6 ipm, to provide a cured coating having a thickness of about 1.9 microns and a Bayer number of 
5.7. The data showing adhesion and resistance to cracking is summarized in Table 1. 
Example 3D: 

18.4 grams of GPTMS were added dropwise to 36.7 grams deionized water while stirring. 
The aqueous mixture was stirred for approximately 3 hours. A solution containing 52.1 grams of 
IPA and 2.8 grams of ITA was added rapidly to the aqueous GPTMS mixture. After stirring for 30 
minutes, 60,2 grams of BSE were added dropwise to the stirring mixture. After stirring overnight 
9.7 grams of Nalco 1115 colloidal silica were added to the above mixture by rapid pouring. The 
resulting mixture was stirred overnight to produce a coating composition. 0. 18 grams of FC-430 
(3M) were added to the coating composition to aid with flow and leveling. The resulting coating 
composition was stirred for an additional hour The coating composition was applied to the etched 
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ADC ,«ses ^ „ ^ „ , ^ of 2 w ^ ^ ^ ^ 

having a thickness of .bout 2.6 microns and a Bayer number of 5.S. 

Example 4A; 

43.2 gnuns of CHTMS were added dropwise to >0U grams of a 0.05 N sotafa, of HQ in 
ddoniz^wbUesurdng. ^^n^™^^^^^^ a 
soMoa ,o,, gram, of ffA a^ „ ^ rfitomc ^ ^ ^ ^ ^ fc 

the aqueous GP7MS mixture. 11.*^,,..^,^^,^ 

^au^^iBos^^^^.^^ ^^^^ 

s^ov^ ttproa « e ,oo J ^ Km!K ^ O^ofFC^opM^.addedtome 

- KM h™,. b. « P H vain, of the oon^on apptosilnMely „_ fc ^ 
» appiied „ fc ^ ^ |aoes ^ ^..^^ 

Jipn.topr^.c^o^^^^^^^^^^^^^ 

Example 4R- 

1.1 IP*- of BDMA were added to 380 grams of the mating composition in Example 4A 
to yield a ^position with a P H value of 5,. After stirring for about 3 hours, the coating • 
composinon^appliedtotheetcl^ABCW 

2 ipm, to provide a cured coating having a thickness of about 2.5 microns and a Bayer number of 
8.1. The data showing adhesion and resistance to cracking is summarized in Table I. 
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Example 5A: 

43.2 grams of GPTMS were added dropwise to 101. 1 deionized water while stirring. The 
aqueous mixture was stirred for approximately 4 hours. A solution containing 101.1 grams of IPA 
and 6.5 grams of haconic acid (ITA) was added rapidly to the aqueous GPTMS mixture. After 
stirring for 1.5 hours, a stirred mixture of 106.7 grams of BSE and 31.4 grams of TEOS was added 
dropwise to the stirring mixture. The resulting mixture was stirred overnight to produce a coating 
composition, p.38 grams of FC-430 (3M) were added to the coating composition to aid with flow 
and leveling. The resulting coating composition was stirred for an additional hour. The final pH 
value of the composition was approximately 3.7. The coating composition was applied to the etched 
ADC lenses according to procedure A, at a withdraw rate of 2 ipm, to provide a cured coating having 
a thickness of about 3.4 microns and a Bayer number of 3.5. The data showing adhesion and 
resistance to cracking is summarized in Table 1. 
Example 5B: 

1.1 grams of BDMA were added to 380 grams of the coating composition in Example 5A 
to yield a composition with a pH value of 5.1. After stirring for about 3 hours, the coating 
composition was applied to the etched ADC lenses according to procedure A, at a withdraw rate of 
2 ipm, to provide a cured coating having a thickness of about 2.5 microns and a Bayer number of 
5.9. The data showing adhesion and resistance to cracking is summarized in Table 1 . 
Example 5C: - 

49.1 grams of GPTMS were added dropwise to 80.6 grams deionized water while stirring. 
The aqueous mixture was stirred for approximately 3 hours. A solution containing 1 14.5 grams of 



29 



AVO.00/24831 

PCI7US99/24615 

^'•WofrTAwasaddedr^d,^,^^^ 
minutes, a stiiied mixture of 43.8 grains of BSE and 68.6 grams of TCOS was added dropwiae „ 
^trrringmixmre ^^ov-i*26..grams rfW co„ 15col ,. idlIsmQW , s ^ 
tome^m^.,,^^ ^ ^8 o^ra was !to eo ^ tt ^ , 
corfngeompoaioa »^8-^30 ( 3M, m ,e^ 1O m.^ EconpMilimloiiilwift 
flowandle^ ^^^comp^^^,^^^ 

Example 5IV 

43.3 grams of GPTMS were added dropwise to 82 1 «.„,. ^ • • j 

aropwise to 82.1 grams deionized water while stirring 

^^.M..^^,,^^ As rtffl ion^„6 6g r ^ 

■^.^m^ofgMgramsofBSE^,,^^^^^^, 
me stirring mixture After stiirmg overnight 22.9 grams of Nalco 1115 colloidal silica were added 
»*e above mtoreo, rapid ^ ^ ^ ^ _ ^ ^ ^ ^ ^ 

^c™ P ^0, WrfFc ^0 ( 3 kf) w„ e ^^ eo ^ OTtpojitatoaidi . a 
flowandleve^ ^^coa^c„„po sin cn™s SSm d f „ aB ^ tioM , tor mecortog 
-mposinon was applied to the etched ADC ,„ses accordmg „ procedure „ .. . wimdraw, rate 
of 2 ipm, to p^d. a currf cc.tmg navmg a micW of ahou, 2, mi™, and . Blv „ oumber 
of 8.8. Tie d» showing „,„ [esistoce ^ ^ ^ Tib)e ^ 
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Example 5E: 

44.1 grams of GPTMS were added dropwise to a stirring solution of 103.0 grams of 
deionized water, 127.8 grams of PM-glycol ether (PMOH), and 6.1 grams of ITA. The above 
aqueous-organic mixture was stirred for approximately 2 hours. To this mixture 52.9 grams of BSE 
and 20,7 grams of TEOS were added dropwise to the above stirring mixture. After stirring 
overnight, a 12.5 gram slug of Ludox HS-30 (Du Pont) was added to the above mixture by rapid 
pouring. The resultant mixture as stirred for four hours followed by the addition of a 24.9 gram slug 
of 1 1 15 (Nalco) by rapid pouring. The resulting mixture was stirred overnight to produce a coating 
composition. 0.29 grams of FC-430 (3M) were added to the coating composition to aid with flow 
and leveling. The resulting coating composition was stirred for an additional 3 hours. The coating 
composition was applied to etched ADC lenses according to procedure A, at a withdraw rate of 
2 ipm, to provide a cured coating having a thickness of 1,9 microns and a Bayer number 10.4. 
Example 6: 

1976 grams of GPTMS were added slowly to 3382 grams of deionized water while stirring, 
the aqueous GPTMS mixture was stirred overnight 296 grams of ITA dissolved in 3501 grams of 
IPA were added streamwise to the above mixture. The mixture was stirred for an additional thirty 
minutes, followed by slow addition of 3801 grams of TEOS. After stirring overnight, 1045 grams 
of Nalco 1115 were added to the above mixture by rapid pouring. The resulting mixture was stirred 
overnight to produce a coating composition. 10.5 grams of FC-430 (3M) were added to the coating 
composition to aid with flow and leveling. The resulting coating composition was stirred for an 
additional hour. The coating composition was applied to the etched ADC lenses according to 
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procedure A at a withdrawal rate of 4 ipm, to provide a cured coating having a thickness of 2.6 
microns and a Bayer number of 8.5. 

TABLE 1 * 



C = Cracking 


Boiling Tint 


N = No Cracking 


Test 


(% adhesion) 
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C (100%) 


IB 


XT /I AAfly \ 

N (100%) 


1C 
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N (100%) 




C (100%) 




XT /I AAA y \ 

N (100%) 
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N (100%) 
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C (100%) 
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N (100%) 


5A 


C (100%) 


5B 


N (100%) 


5C 


N (100%) 


5D 


N (100%) 


5E 


N(100%) 


6 


c noo%> 



* The adhesion and crazing are also dependent on the age of the coating material before 
application onto the substrate and the pH and ionic strength of the tint bath and the 
thickness of the cured coating on the substrate. 
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The above data clearly indicates that by using a disilane in combination with an epoxy 
functional silane and a carboxylic acid component and various optional materials such as silane 
additives, co-hydrolysis catalysts, condensation catalysts, colloidal metal oxides including silica, 
one can improve either the adhesion, the resistance to cracking or the abrasion resistance of the 
cured coating compositions, and by manipulation of these components may improve any or all of 
the above described properties. For example, the data indicated that coating compositions having 
improved abrasion resistance as indicated by the Bayer number measured on such coating 

compositions can be achieved when one employs a multifunctional carboxylic acid as a component 

of the coating composition rather than a monofuctional carboxylic acid. 

Changes may be made in the construction and the operation of the various components, 

elements and assemblies described herein and changes may be made in the steps or the sequence 

of steps of the methods described herein without departing from the spirit and scope of the 

invention as defined in the following claims. 
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What is claimed : 

1 . A composition having improved stability and which, when applied to a substrate and 
cured, provides an abrasion resistant coating on the substrate which has improved adhesion and 
increased stability to crack formation, comprising: 

an aqueous-organic solvent mixture containing hydrolysis products and partial 
5 condensates of an epoxy functional silane, a disilane and a carboxylic acid 

compound wherein the carboxylic acid fiinctional compound is selected from 
the group consisting of monofunctional carboxylic acids, multifunctional 
carboxylic acids, multifunctional anhydrides and combinations thereof and 
wherein the epoxy functional silane is present in a molar ratio to the disilane 
10 offrom about 0.05:1 to 'about 5:1. 

2. The composition of claim 1 wherein the hydrolysis products and partial condensates 
of the epoxy functional silane and the disilane are present in the aqueous-organic solvent mixture 
in an amount of from about lOto about 99.9 weight percent, based on the total solids of the coating 
composition and wherein the carboxylic acid functional compound is present in the aqueous-organic 

5 solvent mixture in an amount of from about 0. 1 to about 80 weight percent, bas ed on the total weight 
of the coating composition. 

3. The composition of claim 1 or 2 wherein the solvent constituent of the aqueous- 
organic solvent mixture is selected from the group consisting of an alcohol, an ether, a glycol, a 
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4. The composition of any one of the preceding claims wherein the solvent constituent 
of the aqueous-organic solvent mixture is an alcohol having the general formula ROH where R is 
an alkyl group containing from 1 to about 10 carbon atoms. 

5. The composition of claim 1,2 or 3 wherein the solvent constituent of the aqueous- 
organic solvent mixture is selected from the group consisting of a glycol, an ether, a glycol ether and 
mixtures thereof having the fonnula R'^OR^-OR 1 where x is an integer of 0, 1, 2, 3 or 4, R 1 is H 
or an alkyl group containing from 1 to about 1 0 carbon atoms and R 2 is an alkylene group containing 
from 1 to about 10 carbon atoms and combinations thereof. 

6. The composition of claim 1 or 2 wherein the epoxy functional silane is present in a 
molar ratio to the disilane of from about 0. 1 : 1 to about 3:1. 

7. The composition of claim 1 , 2, or 6 wherein the epoxy functional silane is represented 
by the formula R 3 x Si(OR 4 )4_ x where x is an integer of 1, 2 or 3, R 3 is H, an alkyl group, a 
functionalized alkyl group, an alkylene group, an aryi group, an alkyl ether, and combinations 
thereof containing from 1 to about 10 carbon atoms and having at least 1 epoxy functional group, 
and R 4 is H, an alkyl group containing from 1 to about 5 carbon atoms, an acetyl group, a -SifOR 5 ^. 
y R 6 y group where y is an integer of 0, 1, 2, or 3, and combinations thereof where R 3 is H, an alkyl 
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group containing from 1 to about 5 carbon atoms an acetyl group, another -Si(OR 5 )3. y R 6 y group and 
combinations thereof, and R 6 is H, an alkyl group, a functionalized alkyl group, an alkylene group, 
an aryl group, an alkyl ether and combinations thereof containing from 1 to about 1 0 carbon atoms. 

8. The composition of claim 1 or 2 wherein the disilane is represented by the formula 
(R 7 OXR 8 3.xSi-RV SiR10 3^( ORn )x ; where x is 0, 1 , 2 or 3 and y is 0 or 1 ; R 8 and R 10 are selected from 
the group consisting of H, CI, Br, an alkyl group containing from about 1 to 10 carbon atoms, a 
functionalized alkyl group, an alkylene group, an aryl group, an alkylpolyether group and 

5 combinations thereof; R 7 and R 11 are selected from the group consisting of H, an alkyl group 
containing from about 1 to 10 carbon atoms, an acetyl group, and combinations thereof; where y is 
1 , R 9 is selected from the group consisting of an alkylene group containing from about 1 to 1 2 carbon 
atoms, an alkylenepolyether containing from about 1 to 12 carbon atoms, an aryl group, an alkylene 
substituted aryl group, an alkylene group which may contain one or more olefins, O or S; and where 

10 x=0, R 8 and R 10 are selected from the group consisting of CI and Br; and where y is 0, a direct 
silicon-silicon bond is provided. 

9. The composition of claim 1 or 2 wherein the carboxylic acid functional compound 
is represented by the formula R 12 (COOR 13 ) x where x is an integer of 1, 2, 3, or 4 and where R 12 is 
H, an alkyl group, a functionalized alkyl group, an alkylene group, an aryl group, a functionalized 
aryl group, an alkyl ether, and combinations thereof containing from 1 to about 1 0 carbon atoms, and 

5 where R 13 is H, a formyl group, a carbonyl group, or an acyl group, where the acyl group can be 
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functionalized with an alkyl group, a functionalized alkyl group, an alkylene group, an aryl group, 
a functionalized aryl group, an alkyl ether, and combinations thereof containing from 1 to about 10 
carbon atoms, and where R 12 and R u may or may not be joined by a chemical bond. 

10. The composition of any one of the preceding claims wherein the amount of water 
present in the aqueous-organic solvent mixture is an amount sufficient to provide a substantially 
homogeneous mixture of hydrolysis products and partial condensates of the epoxy functional silane 
and the disilane. 

1 1 . The composition of claim 1 0 wherein at least a portion of the solvent component of 
the aqueous-organic solvent mixture is generated during the hydrolysis of the epoxy functional silane 
and the disilane. 

12. The composition of claim 10 may comprise an effective amount of co-hydrolysis 
catalyst to enhance the hydrolysis rates of the hydrolyzable components. 

1 3 . The composition of any one of the preceding claims further comprising an effective 
amount of a catalyst to provide enhanced abrasion resistance to a coating produced by curing the 
composition. 

14. The composition of claim 13 wherein the effective amount of the catalyst is from 
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about 0.1 to about 10 weight percent, based on the total solids of the 



composition. 



15. The composition of any one of the preceding claims wherein the aqueous-organic 
solvent mixture further comprises an effective amount of a leveling agent to spread the aqueous- 
organic solvent mixture on the substrate and provide substantially uniform contact of the aqueous- 
organic solvent mixture with the substrate. 

16. Thecomp OS itionofclaimlor2whe^^ 
comprises from about 0. 1 to about 50 weight percent, based on the total soUds of me composition, 
of a mixture of hydrolysis products and partial condensates of a silane additive represented by the 
formula 

- R M »Si(ORX 

where x is an integer of 0, 1, 2 or 3, R M is H, an alkyl group containing from 1 to about 10 carbon 
atoms, a functional^ alkyl group, an alkylene group, an aryl group an alkyl ether group and 
combinations thereof, R 13 is H, an alkyl group contarning from 1 to about 10 carbon atoms, an acetyl 
group and combinations thereof. 

17. The composition of claim 16 wherein the amount of water present in the aqueous- 
organicsoiventmixtureis an amount sufficient provide a substantially homogeneous mixture of 
hydrolysis products and partial condensates of the epoxy functional silane, the disilane, and the 
silane additive. 
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18. The composition of claims 16 or 17 wherein at least a portion of the solvent 
component of the aqueous-organic solvent mixture is generated during the hydrolysis of the epoxy 
functional silane and the disilane. 

19. The composition of claim 17 may comprise an effective amount of co-hydrolysis 
catalyst to enhance the hydrolysis rates of the silane components. 

20. The composition of claim 17 may comprise an effective amount of a catalyst to 
provide enhanced abrasion resistance to a'coating produced by curing the composition. 

21 . The composition of claim 20 wherein the effective amount of the catalyst is from 
about 0. 1 to about 10 weight percent, based on the total solids of the composition: 

22. The composition of any one of the preceding claims wherein the aqueous-organic 
solvent mixture further comprises an effective amount of a leveling agent to spread the aqueous- 
organic solvent mixture on the substrate and provide substantially uniform contact of the aqueous- 
organic solvent mixture with the substrate. 

23. The composition of claim 1 or2 whereintheaqueous-organicsolventmixturefurther 
comprises an effective amount of colloidal silica to provide the composition with from about 0. 1 to 
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aboutSOweigbtpen^ts^^ 



24. ^""Positionofck^^^ 
orgamcsolvent*^ 

and the disilane. 

25. ^^Positionofclaim^ 
and the disilane. 

26. The composition of claim 25 wherein the aqueous-organic solvent mixture further 
comprises an effect^^^ 

produced by curing the aqueous-organic solvent mixture. 

27. Thecom P c*itionofclaim26wh^ 
aqueous-organic solvent mixture is from about 0.1 to about 10 weight percent, based on the total 
solids of the aqueous-organic solvent mixture. 

28. The composition of any one of the preceding claims wherein the aquec^rganic 
solvent mixture further comprises an effective amount of a leveling agent to spread the aqueous- 
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organic solvent mixture on the substrate and provide substantially uniform contact of the aqueous- 
organic solvent mixture with the substrate. 



29. The composition of claim 1 or 2 wherein the aqueous-organic solvent mixture further 
comprises: 

from about 0.1 to about 50 weight percent, based on the total solids of the 
composition, of a mixture of hydrolysis products and partial condensates of 
a silane additive represented by the formula 
R l6 x Si(OR 17 )^ 

where x is an integer of 0, l,2or3, R 16 is H, an alkyl group containing from 1 to about lOcarbon 
atoms, a functionalized alkyl group, an alkylene group, an aryl group an alkyl ether group and 
combinations thereof, R 17 is H, an alkyl group containing from 1 to about 10 carbon atoms, an acetyl 
group and combinations thereof; and 

an effective amount of colloidal silica to provide the composition with from about 

0. 1 to about 50 weight percent silica, based on the total of solids present in 

the composition. 

30. The composition of claim 29 wherein the amount of water present in the aqueous- 
organic solvent mixture is an amount sufficient to provide a substantially homogeneous mixture of 
hydrolysis products and partial condensates of the epoxy functional silane, disilane, and silane 
additive. 
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31. The composition of claim 30 wherein at least a portion of tie solvent component of 
fceaqueousK>rgamcsolvent 

the disilane, and the silane additive. 

32. The composition of claim 31 may comprise an effective amount of co-hydrolysis 
catalyst to enhance the hydrolysis rates of the hydrolyzable components. 

33. The composition of claim 32 wherein the aqueous-organic solvent mixture further 
comprises an effective amount of a catalyst to provide enhanced abrasion resistance to the coaling 
produced by curing the aqueous solvent mixture. 

34. The composition of claim 33 wherein the effective amount of catalyst present in the 
aqueous-organic solvent mixture is from about 0.1 to about 10 weight percent, based on the total 
solids of the aqueous-organic solvent mixture. 

35. The composition of any one of the preceding claims wherein the aqueous-organic 
solvent mixture further comprises an effective amount of a leveling agent to spread the aqueous- 
organic solvent mixture on the substrate and provide substantially uniform contact of the aqueous- 
organic solvent mixture with the substrate. 
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36. An article comprising: 
a substrate; and 

a substantially transparent abrasion resistant coating having improved adhesion and increased 
stability to crack formation formed on at least one surface of the substrate wherein the coating is 
formed by curing a coating composition according to any one of claims 1-35. 

37. A process for providing a substantially transparent abrasion resistant coating on a 
substrate having improved adhesion and increased stability to crack formation, comprising: 

applying to at least one surface of a substrate an effective amount of a coating 
composition in accordance with any one of claims 1-35; and 

curing the coating composition to produce a substantially transparent abrasion resistant 
coating on a substrate which has improved adhesion and increased stability to crack formation on 
a substrate. 
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